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27
The primary objective of the German TanDEM-X mission Krieger et al. Given a noisy image v on a discrete grid S: v = {v s |s ∈ S}, the estimated 
where the weight w(t, s) depends on the distance in the patch space of the 136 pixels t and s and has to satisfy 0 ≤ w(t, s) ≤ 1 and s∈S w(t, s) = 1. In practice,
137
due to computational constraints, the search for similar pixels is limited to The algorithm is akin to an Expectation Maximization approach, resulting in • A is the amplitude of the first (master) image,
165
• A is the amplitude of the second (slave) image, and
166
• φ is the interferometric phase.
167
Θ t,k = (R t,k , β t,k , γ t,k ) denotes the set of true values (expectations) of the three 168 parameters at the k th pixel in the patch O ∆t surrounding pixel t: the reflectivity 169 R t,k , the interferometric phase β t,k and the coherence γ t,k . The expectations of 170 the amplitudes of the master and the slave images are assumed to be identical.
171
The similarity is expressed as the conditional likelihood of observing O t,k
172
and O s,k given that the true parameters Θ t,k and Θ s,k of the target and search 
where s,k
Instead of just using the similarity likelihood, Deledalle et al. (2011) followed a
177
Bayesian approach and combined the similarity likelihood with a prior term to 178 compute the a posteriori probability that two pixels are equal given a certain
where the prior p(Θ t,k = Θ s,k ) is iteratively estimated and is given by
with T being a smoothing parameter and SD KL Θ i−1 t,k ,Θ 
184
For two zero-mean complex circular Gaussian distributions it is given by
For the sake of brevity we omit the iteration index i for all quantities.
185
The weight of the patch centered on t is then given by the product over 186 all pixel a posteriori probabilities, which for numerical stability reasons can be 187 written the sum over the logarithms
with h being a second smoothing parameter.
189
With every iteration the weights are refined by the Kullback-Leibler diver-
190
gence. Figure 2 shows the phase estimate after n ∈ {1, 2, 3, 5} iterations for a
191
sudden phase jump and a nonlinear smooth phase transition, while the reflectiv-
192
ity is constant and the coherence γ was set to 0. 
198
The filtering parameters h and t are crucial as they define the trade-off be- 
Equivalent Number of Looks of Non-local InSAR Filters
212
The equivalent number of looks achievable by a non-local InSAR filterlike every weighted average -is bounded by
where |S| stands for the number of pixels in the search window. The limit would 213 only be reached, if all the search pixels were realizations of the same process.
214
The right hand side limit |S| cannot be achieved at all, because it would require 215 that all weights are identical 1/|S|. Since the weights are estimated from noisy 216 data, they are noisy themselves and never equal.
217
In this remainder of this section we analyze the noise reduction power of the 218 original NL-InSAR filter in terms of effective number of looks and its impact on 219 the coherence estimate. We fixed the patch size to 7 × 7, the search window to 220 21 × 21 pixels, set h = 12 and T = 6 and used five iterations.
221
As mentioned in the introduction, our goal is an improvement of noise re-
222
duction by a factor of at least 2.5 compared to the standard processing by a The high noise reduction capability of non-local InSAR filter derived in the 252 preceding chapter was also substantiated by our initial experiments Zhu et al. (2014a,b).
254
The results of one of them is shown in Figure 7 , which shows shaded reliefs of propensity to bias the estimate. This is especially evident for nonlinear changes 
Analysis of Non-local Filters
311
We analyze two existing non-local filters, namely NL-InSAR Deledalle et al. In addition to the previous synthetic experiments we showcase in this section,
373
that the aforementioned qualities and peculiarities of non-local filters also show 374 up for real data by a careful selection of test sites, which Table 2 lists.
375
The phase noise reduction of all filters is analyzed by an interferogram of 376 Salar de Uyuni, a salt flat in Bolivia, almost perfectly flat and homogeneous.
377 Table 3 shows the phase standard deviation in degrees for the unfiltered phase 
